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Introduction

* So far only unique regions in the genome are studied

* Repetitive regions represent large part of the genome
and are probably expressed



1\‘%& Expressed regions — methods

* Defined as regions of contiguously covered
nucleotides in the genome

* Based on GEM alignment
Evaluated 4 samples from 4 different centers

* Repeat regions taken from UCSC Repeat Masker
track
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1\‘%& Subdivision multicopy RNAs |

Percentage of reads mapping to RNA repeats
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U .
1\'%[3 Macrosatellite repeats (MSRs)

Repetitive DNA large part genome.

Tandemly repeated sequences:

Microsatellites (1-7 bp)

Minisatellites (<100 bp)

Macrosatellites (>100 bp)

Repeat (array) size often hundreds of kilobases.
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U .
1\'%[3 Macrosatellite repeats (MSRs)

Structure and function not well studied yet.

Best studied MSR is D4Z4 (<11 units FSHD).
DXZ4 suggested role in X inactivation (Chadwick et al. 2008).

Structure — technical limitations.

from Mireille Schaap 8



1\‘%& Analysis of 10 MSRs

10 MSRs on different chromosomes
8 autosomal, 2 X-chromosomal

3.0kb — 6.6 kb
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Overview results: sizes and stability

SEUvVADIS (S

Name Locus | Unit | Literature This | Minimum | Mitotic | Meiotic

(kb) study (units) (%) (%)
RS447 4p16.1 | 4.7 20-103 11-113 11 0.4 -
D474 4935.2 | 3.3 1-113 6-113 1 - -
MSR5p 5p15.1 | 3.4 10-98 8-131 8 0.4 -
D4Z4-like | 10g26.3 | 3.3 1-105 2-105 1 - -

FLJ40296 | 13921.1 | 6.6 5-20 3-30 3 0.7 1.7
RNU2 17921 | 6.1 5-41 5-63 5 1.5 :
DXZ4 Xq23 3.0 12-100 | 18-120 12 1.1 :
CT47 Xq24 4.8 13 4-17 4 0.7 -

from Mireille Schaap

10




Expression levels

* Almost absent on mRNA, except for DX74

 miRNA???
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I\I%FG Analysis on expression levels

of neighboring genes

Exon level counts GEM alignment

Scaled by library size

Selection of exons within 2Mb of repeat
* Linear model per exon

— Expression ~ 0+ [} * nrepeats

— Sqrt(expression) ~ 0+ [ * nrepeats
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Results

* 3 exons with adjpvalue <0.05
— sqrt or linear

 All three are very close to the repeats, just
upstream.
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Correlation between exon

expression and repeat size

c —
=
h < _| . ¢
@ od - . L ] . &
= . o 0 B 5, e §, - Y
@ | ] & an
= o | s . . : ™ ..-- . !I ] l ‘I . .. 'I H . .
o - 8
3 — *
& o | .
= [ [ [ [ | | [
20 30 40 50 &0 70 80
(]
& 7 .
w -
8 o ¢ 2
& L] '- & * . -
8 ] : e . : * '-: l'i H 'i-l . e o .
= B [ ] b - .ll [ P ' ® ] -t .
- * . . '-'!'l' et 5, g 2 .
i} ] &
0 - & .
T T T T | | T
20 30 40 a0 60 70 a0
[ ]
c u
O =
‘W
i
g 2 4 *y ® .
- s - ’- . e ™ s .
- ol s @ ad _@ e .
& w _| 8 ] T & : . & a® o
_B o bl . LI . L . l.l l .l'l .. l. I :
o . - . .". .' a8 . . .
S . et * o * ]
=] [ [ [ [ [ [ [
20 30 A0 50 60 70 80

repeat size 1 5



CHPLE (ol s, 550 TS, = -LE!-;:. m IETETEN IECTETEE] I@rtﬂ 1@.? SEETEFY T ETTER £ gﬁ.-{.l FIEREF] :m
scale | hatw
chris: 59,505, a9 0| =0,54a, 00a| =a, 543, 098] =0, 550, 00a|
=8 _ MA1D28E .2, M_111215_E, wig
FAlSzee . 2. M 11121}
= -
28 _ MRIGLES B M_1RARLT L
MHAID129. 6. M_i2821)
- p HALONED. 2. M_111E216_B.wiz
AL BESE .2 Mo 1R
.| Long repeat ﬂ ‘
24 _| ~ 7 MAIOLER. 3. M_126202_5, wig T
FAESLEa. 3, M_12a28;
= | L I
UCEC Ger [RETIeq, UniFrart, CCDE, Rram, TENAE Ek COmpEraT 1y Genon 1 Cs)
ZHF4T - ¥
ZHFATS - H
ZHF 473 i
RefZen Oeres
ZHF47T3
ZHFATI mw
Transfer EHA genes
TRHA Conss
D =i H/RCA Box snoRMAS, ScaRNAS, and neicroRNAS Fron and i REaIo
Hunan NENAE From GenEsn
Huinss e = ¥
HuMan E3TS TRAT Héwve Besn 500 ced
pliced E3Ts mg - ¥ » -

1he _

g
Layerad HIMaTAC
LI k__.._.__ e

HIK2TRC Mark (OFten Found Bear Act ive Regulatord Eleswents: on

Digital DHasel Hypersensitivits Clusters from EHCOOE

lirms from ENCODE

1



U S E VADiS.:’\:;-:
l\l%[i smallRNAs in repeats SR

Percentage of reads_miRNA

80

70 - @ NA19206

60 | B NA18858

50 -

40 -

% of reads

30 -

20 -

10 -

Non-repeat DNA repeats RNA repeats

17



I\I%PG smallRNAs — multicopy RNAs |t

Percentage of reads mapping to RNA repeats
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Conclusions

1. Considerable expression of DNA repeats.

2. These repeats can be expressed themselves or
influence expression/alternative splicing of
neighboring genes.

3. The effect single nucleotide variants and structural
variants on the expression of small RNAs warrants
further investigation.
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Future plans

1. Study the influence of number of repeat units on
expression for other MSRs.

2. Validation and mechanistic studies of the effects of
repeat unit length on gene expression.

3. Study the effect of SNV / SVs on expression of
structural and repetitive RNAs. Consider different
alignment strategies dealing with repetitive RNAs, and
k-mer counting.
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